Introduction
Gram-positive bacteria are well known for their important contributions to medical, agricultural and food biotechnology and as production organisms for industrial enzymes. The latter capacity is largely based on the common architecture of their cell envelope, which allows for direct secretion of proteins into the fermentation medium, which in Bacilli has reached a high level of efficiency [l] . [5,8',9,12] .
Initiation of transcription and translation
The composition of core RNA polymerases in LGB resembles that of E. co/i [16] . In addition, while the number of identified sigma factors may vary between the different genera, the main sigma factor, sigma A, is also conserved [5, 16] . This is in line with the observation that most sigma A-dependent promoters in LGB contain the canonical -35 and -10 sequences [5, 9, 16] second configuration, gene X expression can be induced at will by the addition of the inducing peptide pheromone ( Figure  Zb) . Examples of these systems in L. lacth have been described (43"]. Similar approaches could be applied to the quorum sensing modules that are presently known in LGB (see above) or may be found in future studies.
Controlled and efficient expression systems in LGB: new developments and applications

Bacilli
One of the first controlled expression systems in 3. suMis was based on the E. coli facf repressor gene, equipped with an appropriate promoter and ribosome binding site in conjunction with t!re inducible Spat-1 promoter, consisting of the promoter of phage SPO-1 coupled to the fat operator [44]. This system, however, could only be used for specific, small-scale applications because of the need to add the gratuitous inducer isopropyl-B-D-thiogalactosidase. A variety of other systems have been reported in the meantime but it was only recently that another successful E. GO/~ system, the T7 system, was implemented in B. subti/is [45] .
The use of the T7 system was achieved in B. subt&s by inserting the T7 RNA polymerase gene goT7 into the chromosome under control of a xylose-inducible promoter (see above}. In conjunction with a plasmid carrying the T7 promoter driving expression of the gene of interest, this heterologous expression system resulted in high induction and production levels of both intracellular and extracellular enzymes upon addition of xylose and may be suitable for larger scale applications. The xylose-inducible system was also used recently-without the T7 amplification step-in a set of cassettes that could be integrated in the amyE locus of the B. subtilis chromosome [46] . High induction levels were also obtained here upon xylose addition and only repression by glucose, not by other rapidly metabolizable compounds, was observed. This versatile system is not only suitable for fundamental studies aimed at comparing expression efficiencies but may also have potential for further applications, since it may be used in other, industrially more relevant Bacilli and eliminate the need for unstable plasmid vectors and their selection. These may include hosts such as Batik fic!w$omais and Bacillus arny~o~i~~e~a~ie~s [ 11. In addition, in the past year significant progress has been reported with Baci/fis brevis, which produces large amounts of surface layer proteins. Based on the appropriate signals of these surface layer proteins, expression-secretion vectors were constructed that allowed for the extracellular production of large amounts (more than 1 g/l) of functional human epidermai growth factor [47']. Similar, although less efficient, production was obtained in another study with animal erythropoeitin and the extracellular domain of its receptor [48] . Finally, hyperproduction of the C~os~~diu?~ alpha-toxin was observed in a similar approach in B. bre-uis which showed ten times more production than B. subtilir [49] .
Clostridia
In spite of their considerable medical and economic importance, genetic systems for Clostridium spp. are not very well developed, hampering their use as expression hosts [SO] . Considerable attention has been given to the medical aspects of Clostrdia, which have been reviewed recently together with the present state of its molecular biology [Sl] . Next to their role in pathogenesis and as producers of exoenzymes, some Clostridia, notably Cfostidium ace~o~a~~~carn are well known for the production of acetone-butanol~thanoi (ABE}. In an attempt to increase the ABE fermentation, the well-known C. acetobutylicum strain ATCC 824 was transformed with plasmids carrying homologous sporuiation genes. Transformants were reported not to survive, however, and so an integration approach was followed that resulted in mutants with scrambled chromosomal inserts, some of which showed increased stability and efficiency of ABE fermentation [SZ] . In addition to its established application areas, a novel potential application for C~os~~dia has been recently described that is based on its potential to target hypoxic regions of tumour cells and specifically germinate at these locations [53*]. This would create a specific delivery system for toxic compounds that could inactivate the cancer cells. This interesting possibility was tested with Cfoshdium beijerinckii expressing the E. roli gene for cytosine deaminase, which may convert the nontoxic prodrug S-fluorocytosine into an active chemotherapeutic compound.
IPI vitro conversion of the prodrug was achieved with a clostridial supernatant 153.1, illustrating the feasibility of this approach.
Staphylococci
Most studies on staphylococcal expression systems have concentrated on S~ap~yfococc~s carnosus or Sra~~yioco~~~s xylosus, that are non-pathogenic and have a long tradition of safe use as starters for meat fermentations.
An improvement of the xylose induction system (see above) from S. x$osus has been developed [29] . Using a previously constructed iipase reporter system it was shown that the new expression vector pTX15 carrying the xylose inducible L$A promoter showed better induction and lower background activity than a previously described plasmid [.54 ]. The utility of the vector pTX1.5 was demonstrated in S. cargosus with the S~ap~y~o~o~~~s epidermidis epiB gene, which is involved in the production of lanthionine rings in the iantibiotic epidermin. Finally, the T7 system also has been applied to S. A system for explosive gene expression was developed based on the $31 middle promoter and origin of replication (ori) [69"]. Essentially, any gene of interest can be cloned under control of the middle promoter combined with a low copy number vector containing the phage ori, which will be induced by infection by $131, resulting in an increase in plasmid copy number and considerable overproduction of the protein of interest to > lOOO-fold. The protein(s) of interest will be released into the growth medium since phage infection will lyse the cells within one hour.
A system has been developed for controlled overproduction of proteins, employing the two-component regulatory system for the biosynthesis of the antimicrobial peptide nisin (see above, Figure 2) [42] . It was shown that the nisA promoter could be employed in a series of vectors for expression of several homologous and heterologous genes, which can be induced by the addition of subinhibitory amounts of the signalling molecule nisin [43, 70] . A variety of genes have been expressed in L. Jactis using this system and the hyperproduction (more than 50% protein) of the intracellular aminopeptidase N was reported [42] . Food-grade expression vectors were also developed based on the dominant JacF selection system of L. Jactis, allowing the overproduction of proteins to be used in the food industry [43] . This study also showed the inducible ( Figure  2a ) and cell density dependent expression of a reporter gene under control of the nisA promoter ( Figure  Zb) . Recently, two compatible, broad host-range plasmids were constructed, one based on a theta replicon and expressing the nisRK genes and the other based on a high copy number RCR plasmid carrying the nisA promoter controlling the expression of a reporter gene. This dual plasmid system could be introduced and maintained in Lactococcus, LactobaciJJus and Streptococcus spp., and resulted in nisin controlled gene expression (Kleerebezum M, Vaughan EE, de Vos WM, Kuipers OP, unpublished data). As a consequence, the nisin inducible systems hold a high potential for a variety of applications in different
LGB. hlajor advantages are the food-grade nature of the plasmids, strains and inducing agent, the high expression levels that can be reached and the low background activity of the nisA promoter, which enables induction factors of over 1000.
Conclusion
A great variety of inducible expression systems have now been developed for LGB. Most of these have been based on the advanced knowledge of gene expression in these hosts and naturally occurring regulatory systems that seem to have a wide host range in LGB. Various species of LGB, including most of the genera discussed here, are now being analyzed by genomic sequencing. It may be expected that this will, on the one hand, promote the development of new or improved expression systems and, on the other hand, lead to an increased use of these systems in order to exploit LGB as cell factories in medical, agricultural and food biotechnology. .
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illustrates the ratlonal design ot ueerul tools based on InsIght in the copy number control system of the broad host-range plasmid pAMP1. Described vectors will be useful for many low guanine and cytosine Gram-positive bacteria.
9.
Pouwels PH, Leer RJ: Genetics of lactobacilli: plasmids and gene expression. Anfonie van Leeuwenhoek 1993, 64:85-l 07. 18.
Maguin E, Duwat P, Hege T, Ehrlich SD, Gruss
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31. 
.
46.
49.
50.
